used for the experiments. The seeds of nrt2.1 (SALK_035429C) and nia1,2 1 3 9 (NASC_6936) were procured from ABRC. Trichoderma is probably due to increased nutrient uptake facilitated by Trichoderma CLCa in comparision to non-T203 grown plants (Compare Fig. 5a,b) . We further 3 1 1 3 3 0 plant defense mediating SAR. A similar expression pattern was observed in NRT2.2 3 3 1 expression levels 0.1 mM in uninoculated and inoculated plants ( Fig. 6c ) and the 3 3 2 expression was further accelerated several folds in the presence of Trichoderma 3 3 3 ( Fig. 6d) . This again revealed that faster N uptake by T203 treated low NO 3 plants 3 3 4
can help to defend better. Consequently, we checked NRT2.4 expression levels in 3 3 5
both set of treatments. This gene showed early induction in 0.1 mM Pst treated in 3 3 6 inoculated and uninoculated plants ( Fig. 6e ) and the expression pattern was similar 3 3 7
in response to T203 treatment at early stages but a slight induction can be seen 3 3 8 even at later time points ( Fig. 6f) . Taken together, these results suggests that Trichoderma induces HATs to 3 4 0 facilitate N uptake under low NO 3 conditions. To confirm the role of HATs in 3 4 1 increasing plant defense via N uptake, we checked the PR1 expression in WT and increased 12-13 folds in 24 h but in the case of nrt2.1 mutant ( Fig. 6g) , it was not at 3 4 4
all induced suggesting that NRT2.1 plays an important role in increasing plant 3 4 5 defense under low N mediated by Trichoderma. Then, we further found that in nrt2.1 3 4 6 mutant, the expression of NRT2.2 gene also suppressed in both control and 3 4 7
Trichoderma treatment ( Fig. 6h) suggesting that NRT2.1 is mainly responsible for 3 4 8 increasing N uptake under low NO 3 facilitated by Trichoderma. Then, we checked 3 4 9 the protein levels in WT and nrt2.1 mutant in the presence or absence of
Trichoderma under low NO 3 -. In response to Trichoderma, protein levels have 3 5 1 increased in WT, whereas in nrt2.1 mutant protein levels were less than WT but upon 3 5 2 T203 treatment only slight increase was observed ( Fig. 6i) . These result suggests 3 5 3 that T203 application can increase nitrate transport thus responsible for increased 3 5 4 protein levels. we checked NO production in WT, nia1,2 mutants and WT seedlings grown on NO produced reduced levels of NO. Within 2 min of T203 application, WT plants showed 3 6 2 much increased levels of NO in both 0.1 and 3 mM nitrate ( Fig. 7) but the increase 3 6 3
was slightly higher in 0.1 mM than 3 mM. But, in 10 minutes and 24 h of T203 3 6 4 incubation, the WT plants showed extremely low fluorescence (Fig. 7) . This suggests 3 Trichoderma induced NO probably plays a role in priming and induction of HATs.
6 7
Assessment of NO in nia1,2 mutant revealed that NR is responsible for NO 3 6 8
production. cPTIO grown plants showed reduced levels of NO. Then, we further checked the importance of Trichoderma elicited early stages 3 7 0 of NO in the induction of HATs, total protein levels and expression of PR1 gene in HATs were not induced ( Fig. 8a,b Trichoderma elicited NO plays a role in increased N uptake under low NO 3 -( Fig. 8c ).
7 8
Further, we found that nia1,2 and Hb + were unable to induce PR1 expression under 3 7 9
these conditions ( Fig. 8d) . Taken together, these results suggests that Trichoderma plants showed increased H 2 O 2 production as concentrated patches in comparison to 3 9 3 0.1 mM un-inoculated plants ( Fig. 10a-upper panel) . Also, the level of H 2 O 2 was 3 9 4
intense and distributed in 3 mM un-inoculated leaves of WT+T plants in comparison 3 9 5
to untreated plants ( Fig. 10a-lower panel) . This is probably due to suppression of the infiltrated area which is visible as a dark brown patch at 24 and 48 hpc ( Fig. 10a O 2 -. is a key player in cell death ( Fig. 10b) . It was observed that, there was WT plants, but increase was much higher in T203 treated WT plants than improvises the LAR and SAR responses in low N-stress plants. Next, we checked the expression profiles of defense related genes (PAL1, leaves showed PAL1 induction only till 6 hpc, but drastically declined at later time 4 1 6 points ( Fig. 11a-I) . Trichoderma grown WT plants under 3 mM and 0.1 mM, showed 4 1 7 even more enhanced levels of PAL1 transcripts ( Fig. 11a -II) in inoculated as well as uninoculated leaves till 48 hpc. Similar trend was observed in PR1 ( Fig. 11b) , PR2 4 1 9
( Fig. 11c) and PR5 (Fig. 11d) 2013). It was found that, DIR1 induction took place only in the initial time points in 4 3 0 both 0.1 and 3 mM inoculated and uninoculated WT plants ( Fig. 12a-I) . But, in T203 plants (Compare Fig. 1a and Fig. 13a-3 comparison to bacterial numbers in 3 mM NO 3 grown plants (Fig.13b ). This Similarly, we studied the SAR response in the WT, nrt2.1 and npr1 plants. 0.1 4 5 8
mM Pst-challenged WT plants show more prominent necrotic and discolored lesions 4 5 9
spread to half of the leaf ( Fig. 2a ) confirming susceptible symptoms (yellow specks).
On the other hand, the mutant's nrt2.1 and npr1 showed even more severe disease 4 6 1 symptoms (extensive chlorosis and necrosis) ( Fig. 13c) nrt2.1 and npr1 mutants ( Fig. 13d) suggesting that NRT2.1 and NPR1 plays an grown plants, a significant increase in SA levels were observed ( Fig. 14a ). We and morphological parameters ( Fig. S2 ), suggesting that supplied 0.1 mM NO 3 is not both LAR and SAR ( Fig. 1,2) response, suggesting that N is required for better 5 0 2 defense. Plants grown on low N produced less SA ( Fig. 14a ), further supporting that Trichoderma induced increased growth attributed to auxin and ethylene (Garnica- Trichoderma. In this study, we unraveled the mechanism of Trichoderma induced under low NO 3 stress.
1 8
The low NO 3 fed plants which were grown in the presence of Trichoderma,
showed increased growth ( Fig. S2) suggesting that Trichoderma can enhance
growth under low NO 3 - (Fig. S1a) . We found that this enhanced growth is partly due
to increase N uptake which was evidenced by increased expression of NRT2.1,
NRT2.2, NRT 2.4 HATs (Fig. 6a,b,c,d ,e,f) and increased protein levels (Fig. 6i) . During SAR, after primary inoculation, within 4-6 hours, in the inoculated site, did not display such response (Fig. S1c) . In 3 mM WT plants, the defense response 5 3 3
after secondary challenge was more rapid, robust and even long-lasting till 5 days 5 3 4 post challenge (data not shown) whereas, 0.1 mM WT plants showed disease 5 3 5 symptoms suggesting that NO 3 concentration plays a role in LAR and SAR 5 3 6 development ( Fig. 2a; Fig. S1b) .
3 7
In our experiments, roots were treated with Trichoderma hence, we examined 5 3 8
high and low affinity transporters to see whether Trichoderma modulates these 5 3 9
transporters to enhance N uptake under low nitrate. NRT2.1 is the main HAT, increase protein content in this mutant (Fig. 6f) . This mutant become very much 5 4 9
susceptible to LAR and SAR (Fig. 13) .
0
We further unraveled the mechanism behind increased expression of LATs NRTs are most likely mediated by short term increase in NO upon Trichoderma the increased expression of HATs as our experiments revealed that in nia1,2 and 5 5 8
Hb + , despite of growing in the presence of Trichoderma were unable to induce HATs 5 5 9
they showed decline in protein levels (Fig. 8c) . ROIs that play an important role as signal transducer in the plant cell death process shown in Fig. 10a , it is observed that, T203 treated low N fed plants displayed increased H 2 O 2 levels (Fig. S4a,b) , thus, enabling the SAR initiation and the Here, we also found that T203 grown, 0.1 mM NO 3 -, Pst inoculated plants show 5 7 5
higher O 2 -. levels than untreated ones (Fig. 10b, Fig. S4c ), suggesting that 5 7 6
Trichoderma can enhance O 2 -. production during infection which can aid in defense. Consequently, the expression of defense marker genes such as PR1, PR2, 5 7 8
PR5 and PAL1 (Fig. 11) were also highly induced in the presence of Trichoderma in Trichoderma is very intriguing. SAR response is associated with a specific set of gene activates and accumulates during SAR (Fig. 11b,c,d) which correlated with (1996) .
In our study, SAR regulatory genes DIR1, NPR1 and TGA3 are induced in the presence of Trichoderma despite of reduced SA levels, suggesting that apart from 5 9 5
SA other factors such as increased NO, ROS probably responsible for defense in 5 9 6 this mutant. Overall, this study proved that optimum N is required for LAR and SAR.
9 7
Trichoderma can enhance N uptake via modulating N transporters via eliciting short enhancing SA levels and defense gene expression in local and distal levels to 6 0 0 increase overall plant defense (Fig 15a,b) . These defense responses are not NIPGR is greatly acknowledged. hpi). Data are mean values ± SE. A significant difference between all treatments is Consequently, Trichoderma helps in the accumulation of PR proteins and SA in the 
